Abstract -Spontaneous bacterial peritonitis (SBP) is a major complication of liver cirrhosis, which is associated with increased mortality. While recent studies have demonstrated the involvement of reactive oxygen species in the pathogenesis of liver cirrhosis, the role of oxidative stress in the development of SBP has not yet been completely established. The present study aims to evaluate the role of oxidative stress in the pathogenesis of this complication and also the relevance of the specific treatment on these aspects. We present here some of our preliminary results regarding the specific activity of glutathione peroxidase (GPX), a very important antioxidant enzyme, from both serum and ascitic fluid of patients with decompensated cirrhosis and SBP, patients diagnosed with decompensated liver cirrhosis with ascites and patients with compensated liver cirrhosis. Our results demonstrate the presence of an increased oxidative stress in patients with decompensated cirrhosis and SBP compared with those without SBS and those with compensated liver cirrhosis, as demonstrated through the significant decrease of the specific activity of GPX. The measurement of these oxidative stress parameters may have an important role in the diagnosis and follow-up of this important liver pathology and the auxiliary treatment.
INTRODUCTION
Spontaneous bacterial peritonitis (SBP) is a major complication of liver cirrhosis, the incidence in hospitalized patients with ascitogenic cirrhosis ranging between 7% and 23%. This could be also increased by low protein concentration in ascitic fluid (below 1g/100ml), as well as by severe hepatic impairment (Stanciu et al., 2006) .
In most cases, SBP is a monobacterial infection, with the culture of the ascitic fluid revealing a single microorganism and the presence of more than 250/ mm 3 neutrophils. The essential pathogenic elements in SBP are intestinal bacterial overgrowth, bacterial translocation, increased intestinal permeability and immune deficiency.
The long-term prognosis of patients with SBP is poor, with the recurrence rate being 43% at 6 months. In addition, despite the use of empirical antibiotic therapy, particularly cefotaxime, as well as antibiotic prophylaxy, mortality currently ranges from 10-30% (Garcia-Tsao, 2004) .
Considering that prompt diagnosis is essential in improving the prognosis of these patients, there is an urgent need for additional investigations regarding new methods with high specificity and sensitivity, which could be used for the rapid diagnosis of this complication.
Recent studies have demonstrated the involvement of oxygen free radicals in the pathogenesis of liver cirrhosis (Irimia et al., 2013; Natarajan et al., 2006; Sakena et al., 2010; Hanafy et al., 2005) , but the role of oxidative stress in the development of SBP has not yet been completely established.
We present some of our preliminary results regarding the specific activity of glutathione peroxidase, a very important antioxidant enzyme, from both serum and ascitic fluid of patients with decompensated cirrhosis and SBP, patients diagnosed with decompensated liver cirrhosis with ascites and patients with compensated liver cirrhosis.
PATIENTS AND METHODS
The study is a prospective case control that included 33 patients divided into 3 groups: group I comprised 10 patients with decompensated cirrhosis and spontaneous bacterial peritonitis (SBP); group II, 17 patients diagnosed with decompensated liver cirrhosis with ascites and group III, 6 patients with compensated liver cirrhosis.
The control group consisted of 19 healthy subjects recruited from hospital personal and matched to the patients by age and gender. SBP diagnosis was made based on clinical examination (fever, impaired general condition) and biological explorations (neutrophilic leukocytosis in blood and ascitic fluid). An essential criterion for the diagnosis of SBP was the presence of >250 neutrophils/mm 3 .
Compensated cirrhosis was defined as the absence of ascites in cirrhotic patients. This presence of ascites marks the decompensated stage.
Biochemical estimations Determination of GPX
The glutathione peroxidase (GPX) activity was measured using the GPX cellular activity assay kit CGP-1 (SIGMA). This kit uses an indirect method, based on the oxidation of glutathione (GSH) to oxidized glutathione (GSSG) catalyzed by GPX, which is then coupled with recycling GSSG back to GSH utilizing glutathione reductase (GR) and NADPH. The decrease in NADPH at 340 nm during oxidation of NADPH to NADP is indicative of GPX activity.
Data analysis
The levels of GPX were statistically analyzed by using one-way analysis of variance (ANOVA). All results are expressed as mean ± SEM. F values for which p<0.05 was regarded as statistically significant.
RESULTS
Regarding the levels of GPX from the serum, we demonstrated a significant decrease in the patients with decompensated cirrhosis and SBP (F(1,27)=7, p=0.004), as compared to the control group (Fig. 1) .
Similar decreases in the GPX specific activities were also observed in the decompensated cirrhosis without SBP-group (F(1,30)=1, p=0.26) and also in the patients with compensated liver cirrhosis (F(1,22)=0.5, p=0.56), when compared to control patients (Fig. 1) .
Very importantly, when we performed the posthoc analysis, we also observed very significant statistical differences between the group with decompensated cirrhosis and SBP vs. decompensated cirrhosis without SBP-group (p = 0.001), as well as between the group with decompensated cirrhosis and SBP vs. the group of patients with compensated liver cirrhosis (p = 0.007). However, no significant differences were observed between the group of patients with decompensated cirrhosis without SBP-group vs. the patients with compensated liver cirrhosis (p = 0.744) (Fig. 1) .
Regarding the analysis of ascitic fluid, we also demonstrated a significant decrease in the GPX specific activity in the group with SBP, as compared with the patients without SBP (F(1,20) =22, p=0.00015) (Fig. 2) .
DISCUSSION
As previously mentioned, very few recent studies describe the very important role of oxidative stress in the pathogenesis of SBP. One important possible mechanism could be represented by an increased intestinal permeability, an essential element in SBP. As an example, it was evidenced that in these patients there is a significant increase in the processes of lipid peroxidation, completed with various alteration of the enterocytic mitochondrial function (Misra et al., 1997) .
Additionally, an important role is played by endotoxinemy and the increased levels of proinflammatory cytokines and nitric oxide, which may mediate the intestinal hyperpermeability, bacterial overgrowth and the immune response (Guarner et al., 1993) .
Generally, oxidative stress is defined as an imbalance between the pro-oxidant and antioxidant mechanisms in the human body. While oxidative stress is involved in the genesis of various diseases with high prevalence in modern medicine (Halliwel and Gutteridge, 2007; Ciobica et al., , 2012 Stefanescu et al., 2012) , recent studies have demonstrated the involvement of oxidative stress in liver pathology as well (Irimia et al., 2013; Natarajan et al., 2006; Sakena et al., 2010; Hanafy et al., 2005) . The liver plays a vital role in the metabolism of different toxic substances entering the human body, being one of the organs with significant antioxidant capac- ity. In this context, there is a growing interest in evaluating the effects and mechanisms of oxidative stress in liver pathology and, on the other hand, identifying ways to reduce these adverse effects and finding new substances with a hepatoprotective role.
The implication of oxidative stress in liver pathology was demonstrated by studying various biochemical pathways in which oxidative stress can cause lipid peroxidation of cell membranes, lesions in DNA and oxidative modifications of proteins. Therefore, reducing oxidative stress could be reflected in the diminishing of liver damage severity (Poli et al., 1997) .
Additionally, previous studies have shown a correlation between hepatic and plasma glutathione (a tripeptide synthesized in the liver, which acts as an antioxidant) levels (Shigesawa et al., 1992) . In addition, it has been shown that erythrocytic antioxidant enzymes, such as superoxide dismutase (SOD) and catalase (CAT), are affected in liver diseases, in particular those which have progressed to cirrhosis. Lipoperoxide concentration, which could be translated as an increased production of free radicals, has also been demonstrated to be higher in cirrhotic patients, as compared to normal people (Gerli et al., 1992) .
A very recent study also demonstrated the role of oxidative stress in the worsening of the severity of cirrhosis, assessed by Child-Pugh score, by determining the levels of pro-oxidant substances (such as serum levels of malonildialdehide (MDA)) and antioxidants (such as superoxide dismutase and glutathione peroxidase) markers in cirrhotic patients (Bhandari et al., 2008) . A recent study published by Shaden et al. (2009) demonstrated the involvement of oxidative stress in SBP. In this case, oxidative stress was evidenced by elevated concentrations of MDA (an important marker of lipid peroxidation processes) and by significantly reduced activity of SOD, GPX and catalase (antioxidant components) at the serum level. In addition, an increased concentration of nitric oxide (NO) was demonstrated in patients with liver cirrhosis complicated with SBP, but not in patients with sterile ascites. This could be extremely important, considering that NO plays a very important part in the possible correlations that might exist between oxidative and nitrosative stress in generating various pathological alterations (Bild et al., 2013) . It was demonstrated that after antibiotic treatment, the expression of MDA, NO and TNF-α is significantly decreased, which is also compensated by a significant increase in the antioxidant elements (Shaden et al., 2009 ). The Rodríguez group have shown that SBP was associated with increased levels of proinflammatory cytokines (such as IL-1, IL-6 and TNF-α) in the ascitic fluid, as compared with controls without liver cirrhosis. Moreover, the levels of proinflammatory cytokines in the ascitic fluid decrease rapidly after eradication of the infection (Rodríguez et al., 2001 ).
CONCLUSIONS
Our results show the presence of an increased oxidative stress in patients with decompensated cirrhosis and SBP, as compared with those without SBP and those with compensated liver cirrhosis, which is demonstrated through the significant decrease in the specific activity of GPX, a very important antioxidant enzyme. In this way, the measurement of these oxidative stress parameters may have an important role in the diagnosis and follow-up of this important liver pathology and the auxiliary treatment.
